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Coronary artery vasoconstriction routinely occurs 
cutaneous transluminal coronary a~gio~~asty (1).
abrupt vessel closure after coronary angio 
infrequent and has an unfavorable prognos 
clinically ~rn~o~a~t to elucidate the mechanisms reiated to 
coronary vasoconstriction after arterial injury. In ex 
mental studies, vasoconstriction identical to that in humans 
has been reproduced in various vessels after arterial injury in 
vivo (5,6) and in vitro (7-9). These previous sludies pro- 
posed two mechanisms of vasoconstriction after vessel 
injury: platelet-dependent and platelet-independent mecha- 
nisms. Platelet deposition is consistently demonstrated at 
the site of mechanical injury {5,6,10). A close positive 
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ex~~~e~tia~ correlation was noted between the severity of 
VaS~CO~S~i~~t~O~ and e extent of platelet deposition (5). 
tracoronary injectio platelets constricted 
~e~~~ed coronary arte 
suggest acritical rote of 
g platelezi in coronary vasoc~~st~ctio~ after arte- 
rial injury; howev3. it is not known which substances play 
a major role in such platelet-d cut coronary vasocon- 
stricti,on. ~4ate~et-i~~e~e~de~t 
role in coronary vasoconstriction after arterial inju 
r, it also remains unknown to what extent 
nt or p4ate4et-i~~e~e~de~t mec amisms cant 
coronary vasoconstriction after arterial injury in vivo. 
The present study was designed to elucidate p~art~aco- 
logically 1) to what extent platelet-depc~de~t mecba~isms 
contribute to coronary artery vasoconstriction after arterial 
injury, and 2) which vasoactive substances released from 
aggregating platelets play a major role im such 
dependent coronary vasoco~st~ctio~. 
s 
E.s,peri rouoco enty-one male G&tinge 
iature pigs were house vidually under conditi 
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controlled room temperature (12-14) and were fed a semi- 
synthetic diet (14), including peanut oil (2.3%), cholesterol 
(2%), sodium cholate (l.l%), salt mixture (1.4%), vitamin 
mixture (3.5%) and cellulose (8.9%). After 1 month on this 
diet, these pigs were lightly anesthetized with intramuscular 
administration of ketamine hydrochloride, 12.5 mdkg body 
weight, followed byintravenous administration f sodium 
pentobarbital, 20mgIkg. The trachea was then intubated, 
and the animals were ventilated with positive-pressure res- 
piration via room airand supplemental oxygen (Shinano). 
The carotid artery was aseptically exposed and a green Kifa 
catheter was inserted. Just after catheter insertion, heparin, 
500 U, was administered intravenously, and coronary arte- 
riography was performed before and 5 min after intravenous 
ndministntion of nitroglycerin, 20 pg/‘kg, as previously 
described (12-14). The pigs were then randomly allotted to 
five groups: group A, 16 pigs without any additional pretreat- 
ment; group B, 21 pigs pretreated with intravenous heparin, 
3,000 U 5 min before arterial injury; group C, 13 pigs 
pretreated with aspirin, 50 mg orally 48 and 72 h before the 
experiment; group D, 11 pigs pretreated with intravenous 
ketanserin, 1 mg/kg 15 min before arterial injury, and group 
E, 10 pigs pretreated with aspirin, 50 mg 48 and 72 h before, 
ketanserin, 1 mg/kg, 15 min before and heparin, 6,000 U 
5 min before arterial injury. 
Sixty minutes after intravenous administration f nitro- 
glycerin, 20 CLglkg, a 2F balloon catheter (Edwards Labora- 
tory) was advanced under fluoroscopic monitoring into the 
distal portion of the left anterior descending or left circirm- 
flex coronary artery. The balloon was inflated by the manual 
injection of 0.06 ml of a 50% solution of contrast medium 
(Urografin 76, Nihon Schering) and was withdrawn for 4 cm 
toward the proximal portion of the artery. This procedure 
was repeated three times iu each pig within 1 min. Coronary 
artery injury was performed in 14 left anterior descending 
and 2 left circumflex coronary arteries in group A, 1 il left 
anterior descending and 10 left circumflex coronary arteries 
in group B, 6 left anterior descending and 7 left circumfiex 
coronary arteries ingroup C, 5 left anterior descending i,ld 
6 left circumflex coronary arteries in group D and 5 left 
anterior descending and 5 left circumflex coronary arteries in
group E. The region of balloon injury was recorded concom- 
itantly on videotape and tine films for later analysis. 
Selective coronary angiography was performed every 
3 min for the initial 15 min, and then 20 and 30 min after 
arterial injury in 10 pigs from groups A, D and E. In other 
Pigs, coronary angiography was performed 6 min after 
arterial injury. The electrocardiogram (ECG) was recorded 
with kads I, II, III, V, and V,. Arterial pressure was 
measured with a Kifa catheter connected toa strain gauge 
ManomE::T and stored on a tape with a frequency mod&- 
tion data recorder (DFW 3915, Sony). 
_ antitative anaIy:ls of coronary angiography. Cine film 
was projected on a view screen (ELMO-35B, Nishimoto 
SangYo). The end-diastolic frame was selected by ECG 
waves recorded on tine film, and photocopies (13 x 18 cm) 
were made for measurements of the diameter ofthe core 
artery. The diameter ofthe coronary artery was meas 
with a caliper in blinded manner by at least wo observers 
(12-14). With this technique, weconfirmed excellent corre- 
lation between the repeated measureme 
0.001) and between different observers (r= 0.96, TJ < 0.001). 
Coronary artery diameter was measured atthe site where 
maximal diameter r duction was noted. Coronary artery 
vasoconstriction was assessed as percent lumen diameter 
reduction compared with that after intravenous nitroglycerin 
(20 /&kg) (12-34). 
Statistics. Data re shown as the mean value + SE 
the number of experiments). Statistical nalysis temporal 
changes inthe coronary artery diameter voked interven- 
tion was performed by one-way analysis of variance. & 
p vaiue < 0.05 was considered indicative of statistical 
significance. 
There was no significant difference among the five groups 
in body weight, baseline hemodynamic variables (arterial 
pressure and heart rate) or serum cholesterol level (Table I). 
Intravenous administration of ketanserin, 1 mg/kg (groups D 
and E), significantly dec sed mean arterial pressur 
(-12?4and-10+3mm ) and heart rate (- 15 IL 6 an 
- 19 2 5 beats/min), respectively (p < 0.05 vs. baseline), but 
mean arterial pressure and heart rate after administration f 
ketanserin groups D and E were comparable to those in 
e&eat t. Figure 1 shows eriaI angio- 
min arterial injury in a pig from 
group A. The coronary artery vasoconstriction was not 
homogeneous along the injured segment. Chronologic 
changes in percent lumen reduction at the site of arterial 
injury are summarized in Figure 2. In group A, coroaary 
vasoconstriction was maximal t 6 min after the injury and 
then gradually reverted to the control evel within 30 min, 
whereas the lumen diameter o ‘ nc ninjured coronary arteries 
remained unchanged. Arterial pressure and heart rate were 
stable during coronary vasoconstriction n all groups. 
GO pretreatment. Figure 3 shows the inhibitory 
effects in, aspirin, ketanserin and a combination f 
these three drugs on coronary vasoconstriction 6 min after 
arterial injury. Coronary vasoconsttiction was 28 + 6% in 
group B, 25 -C 5% in group C, 26 t 7% in group D and 24 1 
5% in group E; these values were significantly lower than 
that in group A (56 -C 5%, p < 0.01); however, vasoconstric- 
tion ia group E was comparable to that in groups B, C and D. 
The time course of vasoconstriction after arterial injury was 
also comparable in groups D and E (Fig. 2). 
To clarify the mechanisms of coronary artery vasocon- 
striction after angioplasty, we used porcine coronary arteries 
1. Baseline Data cite 71 Pigs in the 
Grolap A
(n = 16) 
Values are expressed as mean value + SE%. DRP = diastolic blood pressure; R = heart rate; MBP = mean 
blood pressure: SW = systolic blood pressure. Pigs in groups C and E were given aspirin orallly for 2 days before 
the study; however. this treatment did not alter baseline data. Intravenous adminisbration of heparin did not change 
mean blood pressure or heart rate signiiicantly in groups B and E. Changes in mean blood pressure and heart rate by 
intravenous ketanserin were evaluated 15 min after ~~~~~~s~~a~~o~ of kebanserin.
Fi Coronary artery vasoconstriction i a pig froom group A 
after a*kial injury. Selective coronary ang~o~ra~s before ( 
. A, The injured segment is indicated 
m performed 6 min after bz.lloon 
>6Q% narrowing at the peri 
0 significant narrowing oft 
site distal to the balloon injury. 
level of wit 
glycerin before injup] 
minutes elapsed after 
condition before the . 
cnnstriction in group 
vasoconstriction after arterial injury was comparab!e in groups 
and E. The diameter of noni~jured coronary arteries in groups A 
(0), D (A) and E (Cl) did not show any significant ch 
39 min. n = 10 in each group. Values are mean value 2 
C 36 a 72 15 26 30 
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Figure 3. inhibitory effect of heparin, aspirin or ketanserin, alone or 
in combination, on coronary artery vasoconstriction after arterial 
injury. Coronary artery vasoconstriction was eva!unted 6 min after 
arterial injury. Percent lumen reduction was calculated from the 
percent change indiameter from the level examined after adminis- 
tration of nitroglycerin before balloon injury. Error bars indicate 
SEM. Coronary artery vasoconstriction i  groups B, C, D and E 
was significantly less than that in group A (*p < O.Ol), but there was 
no significant difference in percent lumen constriction among roups 
B, C, D and E. 
of platelet aggregation (5). Therefore, the inhibitory effect 
of heparin or aspirin on coronary artery vasoconstriction 
after arterial injury in hypercholesterolemic pigs may sug- 
gest an involvement of a platelet-dependent mechanism, 
although platelet aggregation was not measured in the 
present study. 
The inhibitory effect of ketanserin o  coronary vasocon- 
striction suggests that serotonin may be one of the mediators 
in such vasoconstriction after arterial injury. The inhibitory 
effect of ketanserin did not differ significantly from that of a 
combination f ketanserin, heparin and aspirin. These re- 
sults suggest that serotonin may be a major mediator in 
platelet-dependent coronary vasoconstriction after arterial 
injury, In canine coronary arteries, platelet-dependent cor- 
onary vasoconstriction is mediated by thromboxane A,
and serotonin (la), whereas in porcine coronary arteries, 
platelet-dependent vasoconstriction s mediated largely by 
serotonin but not by thromboxane A, (I?‘), a finding consis- 
tent with our present results. 
Platelet-independent co striction. Balloon angioplasty 
has been reported to cause stretch-dependent co raction i  
isolated, perfused whole vessel segments of rabbit aortas, 
pig carotid arteries (7) and human coronary arteries (8) 
independent of platelet aggregation a d neurogenic input. 
The inhibition of platelet-dependent co striction by heparin, 
ketanserin and aspirin in our study did not show additive 
effects and did not abolish coronary vasoconstriction after 
arterial injury. The in vitro study (17) indicated that platelet- 
induced vasoconstriction of por :ine coronary arteries wa
totally abolished by ketanserin. In porcine carotid arteries 
(71, the cross-sectional areas of the angioplasty segments 
decreased by platelet-independent mechanisms anaverage 
of41% which is nearly equivalent tothe degree of coronary 
vasoconstriction in the pigs in our group E (the decrease in 
cross-sectional area was ~42%). These results uggest that 
platelet-independent mechanisms 
coronary vasoconstriction aftesart 
In the present study, we did not examine the m 
of platelet-independent coronary vasoc~~st~ction 
rid injury. This platelet-i~de~eode~t vawcons
pears to be mediated by e~dotbe~i~m- 
ase products because it is abolished by pretrea 
indomethacin or ibuprofen (7,8). Bn the present 
pigs in groups e and E received a
before arterial injury, 
injury. Because the cy
cells may be recovere 
cannot exclude the co~tr~b~ti~~ of 
cyclooxygenase prod 
tion after arterial injury in this experiment. 
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